If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the "Taverne" license above, please follow below link for the End User Agreement:
www.tue.nl/taverne
Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl providing details and we will investigate your claim.
Download date: 06. Jun. 2019
Introduction
The purpose of this work is the description of the TU/e Flamelet Generated Manifolds (FGM) technique inside the Open FOAM environment. FGM is a particular reduced method for combustion modeling. This is part of the European project H2-IGCC in which Eindhoven University of Technology is involved together with other partner. The overall objective of the H2-IGCC project is to provide and demonstrate technical solutions which will allow the use of state-of-the-art highly efficient, reliable gas turbines in the next generation of Integrated Gasification Combined Cycle plants.
FGM and Methane-Hydrogen Combustion issues in Open FOAM ®
In order to solve a combustion problem for premixed fuel, the main duty is the resolution of the Navier-Stokes equations for reacting flows. The presence of the source terms strongly creates a coupling between these equations. The main task is to find a numerical method in order to reduce the computational time and, in the same way, to make this method comparable with the detailed chemistry approach, whose drawbacks is the high computational efforts. These are mainly related to the multi-grid solver, parallel computations and local grid refinement. A good way is the reduction or the simplification of the chemical reaction model. The chemical composition in flamelets are used to construct a low dimensional manifold. This innovative method found inspiration from some of the reduction methods available in literature, such as the Computational Perturbation Method (CPM) and the Intrinsic Low Dimensional Manifolds (ILDM). Each of these methods identifies the fast chemical process in a different manner [1] , [2] . The idea of FGM is to solve a multidimensional flame considering it as a set of many 1D flames called flamelets. Conservation equations for a premixed flame are then adapted in terms of the Controlling Variables Yi. A manifold is built in the way that mixture composition is described by small number of controlling variables [3] . Flamelet equations are obtained considering the conservation equations for a premixed flame in a system along the coordinate s perpendicular to the flame. From the flamelet equation it appears that the source term is unclosed, but can be obtained from the manifold.
The creation of the manifold in the FGM technique is done using the solution of the one dimensional 1 flamelet equations. In order to construct a manifold with enthalpy variations, a series of flamelets is computed for different values of enthalpy level, going from the adiabatic one until the extinction of the flame. These flamelets are produced with TU/e code for detailed chemistry CHEM1D ® [3] .
In a preprocessing step, the flamelets, which are produced in physical space, are considered together and converted in controlling variable space: in this way the manifold is computed and variables which have to be solved are taken into account. All the thermal properties (such as density, diffusivity, temperature) are stored in the FGM database. The β-PFD approach for turbulent flows is assumed to be a reasonable choice for the probability distribution and provides a suitable description of the subgrid chemical terms [4] . An algebraic model for variance is used. The variance of the progress variable becomes then an extra controlling variable of the FGM system [5] . This approach described above is satisfactorily suitable for relatively simple gases such as methane, for which there is a balance between molecular and thermal diffusion. In case of hydrogen addition, the difficulties increase rapidly: the source term for hydrogen is already produced and the combustion of hydrogen is already been implemented with two progress variables. Nevertheless, the instability of hydrogen, due to the high mobility of its molecules, which is much larger than the diffusion of heat, simply known as preferential diffusion, results in a Lewis number lower than unity. For gases such as methane there were no such effects. The consequence of this problem is, from the physics point of view, that the flame front brakes up into cellular structures [6] . From a mathematical point of view we have to include the preferential diffusion effects in the equation system, taking care on the dependencies between enthalpy and element mass fraction. β-PFD approach for this kind of fuel doesn't apply anymore correctly. At the moment nobody has done a proper RANS or LES in hydrogen. However, many CFD results still appear in literature, but they are not fully reliable and the research on this topic is still an open question. Now we are investigating the phenomenon in detail using high resolution databases.
The CFD code, implemented in Open FOAM ®, solves flow field equations and equations for controlling variables (i.e. Y and h ). From this point of view, extra equations for controlling variables are added to the solver, which is a compressible code for low Mach calculation, in according with the deflagration physics. A library which uploads and reads the FGM tables is done in the way that interpolation between the lookup values is applied. Together with this, a thermal library for the temperature and density relation is developed, using the compressible approach. For hydrogen, the selection of controlling variable, in order to include all the effects mentioned, is on the minimum amount of four. Since that the correlations, which are mentioned for methane, in hydrogen case don't cancel anymore, a linear coupling of such correlations for this fuel is taken into account in the manifold with an extra controlling variable, meaning in the end a number of five ones. The upgrade and optimization of the CFD tool for these further effects is a current work in progress.
